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fbm  purpose  of  this  atvi&j  vaa  to  detemliM  irtuither  tb« 
cbloraptxsrlX  content  oT  apple  !«&▼••  «&«  affdot^sd  truant  it  at  ively 
lAian  the  f  oliowins  api'SKya,  DDT  (Diciiloz»o  dlphenyl  trlohlopo^ 
ethane),  Fexmate  (Ferzdo  dluethjldlthloeairbeBaate)  •lead  arsenate, 
vet  table  aulfdiur-leacL  araenate  and  sine  aulphate^leed  arsenate 
vsro  applied*     Zinc  sulph&te«lead  arsezwte  is  the  appz*oved  in* 
•ecticide  for  the  coaatrol  of  the  codling  moth  in  Kansas*     DDT  is 
showing  ocmslderable  prcenise  as  an  inseotioido  also  in  the  eon* 
trol  of  the  codling  Bi^>fa.g»  but  requires  fxirther  tests  in  the  con* 
trol  of  fruit  insect  a*     Fexmate,  an  organic  oou^poundy  bids  fair 
to  gain  a  place  in  the  spray  schedule  as  it  ^ows  considerable 
pronlse  for  the  control  of  stich  diaeaaes  as  apple  scab  anl  cedar 
rust*     lettable  sulj^ur  is  a  standard  fioigicide  for  the  control 
of  apple  scab  and  other  fungous  diseases.     Siilphvir  and  lead  ar* 
senate  and  Feziaate-lead  areenate  are  applied  t<^ether  oottraer-* 
cially  because  of  oonvexiienee  as  cocibinati(»i  sprays* 

Tbe  role  of  clilorophyll  in  photosynthesis  has  not  been 
agreed  upon  by  investigators  but  is  considered  by  all  to  play  a 
vital  part  in  the  prooess.     Sachs  (1882)  stated  that  the  aaomt 
of  chlorophyll  was  a  limiting  factor  of  the  rate  of  jdiotoaynthe- 
sis*     Further  study  of  factors  idxich  might  alter  the  chlorophyll 
e<»itent  sesras  highly  desirable* 


OF  LITiSKATUHa 

Tlw  first  oh«nloal  Invest  Igatlcai  of  chlorojiiyll 
by  ii#r8eliu5  a  llttl©  over  a  century  a^o  (1858)^  aocoKlin:,  to 
Bablnowltch  (1G45),     ii«  lists^  as  an  iuportant  step  forwai^t  in 
tim  lo.        -  -  jnvoilins  of  tii©  atiMcture  oi   this  caipouna, 

tho  realia&tion  of  the  ainiiarity  betwe«n  clilorophyll  eiad  hosiin, 
tbs  r«d  blood  pigneot,  first  suapeotod  by  Vardein  in  1351  and 
later  conTiined  by  iioppo-S©yl«r  (1879,  13B0,  1381)  w1k>  trana- 
foniad  chloroptiyll  into  a  rod  "porphyrin"  slinilar  to  ti^ose 
obtainable  iron  beciin*     Haohm  (1882)  rooo&nifted  that  chloro- 
l^yll  was  one  of  Uie  factors  ai'fecting  assirailation,  vdiieh  was 
later  referred  to  ae  pbotosiyntt^sis,  although  knovledise  of  the 
chloroplast  was  \s»ertain«     It  raiained  for  isKLllstatter  ond  hie 
co-workers  during  the  early  part  of  the  tventieth  centuz^  to 
contriuut©  the  flrat  comprehensive  study  of  the  subject,     iliey 
si«3ceeded  in  isolating  the  piexaonts  in  a  pure  state ^  and  also 
succeeded  in  detenuininfS  their  chemical  nature* 

Further  investigations  of  tiie  px«opopti«s  of  chlorophyll 
Mi  laethods  of  extraction  and  detezcainatlcm  have  be«a  con* 
ducted  by  Dastur  and  iJt^hariwalla  (1926),   ^^llstatter  and  j>toll 
(1923),  apra^ue  and  iiftiive  (1929),  aarri^ian  (1950),  Fete  won 
(1930),  Ileiscrier  (1954),  ^schsile   (1954),  iiuhn   (1055), 
Loorais  and  ahull  (1957),   Johnstoaa  and  i^eintraub   (1939),  iiackinney 
(1940),  /^scheile  and  Coeiar  (1941),   Aronoff  and  llacdLnney  (1943), 
Denne,  ^^oe*  sad  Coaar  (1944)  and  Conpton  and  jDoynton  (1945)* 


WUlstatter  anl  Stoll  (1928)  reported  that  the  chlopoplaats 
contain  four  pigaratst  the  green  pigments,  ciaorophyll  compo- 
nent a,  ohloroidiyll  coMponent  h,  and  two  yellow  plgasnta,  caro* 
tene  aad  xanthophyll*  The  tem  "chlorophyll"  as  It  la  now  cora- 
«oaly  used  refers  to  the  two  gyeen  pigments  taken  collectively 
ani  freed  froa  all  the  others  that  &re  associated  with  It  In  the 
chloroplaets  aocoxding  to  Miller  (1958)* 

CartKOif  iQfdrogen,  oxygen,  nitrogen  and  raagnesiuaa  are  the 
el«Bie&ts  oaa^riaing  chlorophyll  as  found  ty  WiUetatter  and 
Stoll  (1923).  Miller  (1958)  reports  that  chlorophyll  alwaye 
eontaina  2«7  per  cent  «egne«liai«  which  is  the  only  xaetal  In  the 

aah* 

Accordino  to  the  «K>rk  of  WiUstattor  and  stoll  (1928) ,  thi 
•widenoe  eeens  to  indicate  that  chlorophyll  is  present  in  the 
chloroplaets  in  a  colloidal  mixtxire* 

fbmuka   (1955)  states  that  the  most  probable  explanation  of 
the  fact  that  jphotosynthesis  only  oocuxrs  in  grtm  leaves  is 
that  the  absorption  of  llght*energy  for  the  conversion  of  cax<}<»i 
dioxide  and  water  into  carbohydrates  is  dependmtt  on  the  pres~ 
«Me  of  the  ohloroplast  pigments«  Haxiaov  (1050)  states  that 
ohloroi^^yll  absorbs  light,  not  as  a  whole,  but  selectively* 
Certain  portions  of  ths  speotnn  are  absorbed  by  it  whilm 
others  are  trentnltted*  iflller  (1958)  reports  that  the  spectrin 
of  chlorophyll  shows  that  there  are  five  absorption  bands*  The 
momt  distinct  band  izicludes  the  red  rays  of  651  to  680  niUirai* 
crons  approximately  on   ooth  sides  of  tha  Fraunhofer  line  C*  It 
is  in  this  band,  accoxding  to  itazlstov,  that  the  oost  intenae 
absorption  takes  plaee* 


B^ttldes  thd  aelectlv©  absorption  of  light-wieigy,  eblopo- 
pi^ll  poseasea  another  iiJ«>ortant  optical  property,  fluorescence, 
miler  (1938)  states  the  action  g«rierally  is  to  increue  the 
wave  lengths,  but  in  sonae  few  eases  it  is  the  reverse*  Usually 
the  yellow,  green,  and  blue  rays  undergo  the  change*  In  tbe 
alcoholic  solution  of  chlorophyll,  the  much  shorter  wave  lengths 
of  gieen  aai  blue  ai«  emitted  as  the  longer  wave  lengths  of  the 
red*  Thus,  an  alcoholic  solution  of  chlorophyll  a  is  blue-green 
by  tranmitted  light  and  blood-red  by  reflected  light*  This  is 

due  to  an  alteration  in  the  wave  lengths  of  radiant  energy 
bfvoght  about  by  the  aoticai  of  the  molecules  of  the  s\d>stanoe* 
Miller  (1938)  states  that  the  fozsaation  of  chloropfayll  is 
a  physiolf^ioal  process  that  oocurs  only  in  living  cells  and 
unier  conditions  favorable  to  life.  The  substances  or  substance 
fMtt  which  ohloroiJhyll  arises  have  never  been  isolated,  and 
their  existence  is  only  inferred*  Palladin  (1922)  considers 
that  a  pigment  called  "ohloroid:jyllase"  is  f  onaed  independently 
of  light  in  the  chloroplasts,  and  that  it  is  replcLly  transforosed 
into  chlorophyll  under  the  influence  of  light*  According  to 
^ster  (1928)  the  absorption  spectrum  of  the  pigaents  obtained 
ttam  etiolated  seedlings  hae  an  absorpticm  band  between  640  and 
620  millimicrons  which  is  due  to  a  red  fluorescing  pigiaent  that 
has  been  texned  "protochlorophyll"*  This  is  a  pigment  that 
develops  without  the  aid  of  light  and  changes  phot o*cheiaic ally 
into  chlorophyll  upon  exposure  to  light* 

Light  la  one  of  the  requisites  for  the  fonaaticn  of  chloro- 
phyll* Most  plants  grown  in  the  darkness  posess  yellow  leaves 


m&   8teas«  Some  plants  or  plant  parts  such  as  tij«  ssedlin^s  of 
mmm  conifers,  the  froois  of  young  foms  and  certain  unicellxi^ 
lar  algae  are  exceptions  to  this  since  they  become  green  In  darie- 
neas.  Miller  (1938).  According  to  Palladln  (1922),  the  conifer 
•eedllngs,  however,  fom  «xich  less  chlorophyll  in  darkness  than 
In  light.  Miller  (1938)  states  that  light  of  medlua  intensity 
is  the  most  favorable  for  chlorophyll  fonnation.  It  is  consid» 
ered  that  In  nore  Intense  light  the  fonaation  and  decooposition 
of  chlorophyll  occur  siaixltaneously,  so,  as  a  net  result,  the 
greening  is  less  pr<Miounoed  than  it  is  in  diffused  light. 

Sayre  (1928)  grew  plants  xaider  colored  glass  plates  and 
studied  the  effect  of  different  wave  lengths  of  radiant  enex^gy 
&n   the  fonnation  of  chlorophyll  in  the  seedlings  of  com,  idieat, 
oats,  barley,  sunflowers  and  radish.  The  wave  lengths  Iwager 
than  680  allliaierons  are  not  effective  in  the  formation  of 
chlorophyll,  but  all  other  regions  of  the  rstalnlng  visible  and 
ultraviolet  spec t run  to  300  aillimicrons  are  effective  provided 
the  enex^  value  is  sxifficiont.  For  equal  energy  values,  the 
i«d  rays  are  laore  effective  than  the  green,  end  the  green  laore 
than  the  blue.  Ulvin  (1934)  foixod  that  the  leaves  of  radiohea 
glMED  in  continuous  light  contained  more  chloro|diyll  than  those 
grown  in  a  ten  hour  daily  light  period* 

Miller  (1938)  states  that  the  rate  of  production  of  chloro* 
phyll  depends  upon  temperature.  Oveeaiag  occurs  most  qvdokly  In 
etiolated  plants  between  18  to  SO  degrees  Centigrade.  Re  reports 
that  Wiesaer  found  within  that  range  of  temperature  that  green* 
Ing  occurs  in  about  one  sad  six  tenths  lK>ur8,  while  at  ten 
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degrees  Centisrede,  tlire«  and  five  tenthfi  hoiaw 
lA&i£ienko  and  Hv^bonot  noted ^  according  to    dllor  (l&^a),  th&t 
tbB  greening  of  etiolated  vheat  seedlinga  takes  place  vitliln 
definite  liinlts  of  teraperatare,  Leglnnlng  betveen  t«o  to  four 
d^vses  Oimtigradey  attalxui  a  xaaxlsi\m  t>etseso  S6  to  50  degrees 
Centisrede  and  ceases  at  or  near  46  degrees  C«itigraae* 

iller  (1938)  noted  that  tlie  ele^nents  iron^  i^otaaaiua,  pl.os* 
phorua,  calcium  and  aa^eslun  all  influence  the  develepoent  of 
chloropliyll*     ;^ichertE  (1929)  aaeociated  Uie  aettllng  of  Coleus 
plants  with  a  defioienoy  in  nitratoa*     i)euuer  (1026)  noted  tlmt 
in  the  soybean  tlie  cliloroplast  pif^stents  increased  with  the  in* 
oreaaint^  coiKientration  of  iron  and   sulptiur  in  the  cultural 
solutions*     Deuber,  however,  could  not  establish  an  exact  pro- 
portional relation  between  the  ooncentzvition  or  es^mnt  of  any  of 
tlie  elenients  studied  and  the  anount  of  pi^ient  fonaed*     achertz 
(1929)  observwi  timt  phos:^^xni«^  potassiusa  «ail  nitrt^wi  oej  each 
be  cox»rolated  with  an  effect  <m  the  foxxmtlon  of  the  ohloroxjl&st 
j^L^Bwnts*     Ulvin  (1934)  reported  tliat  with  s^ar  cane  nore 
ol^orophyll  was  produeed  by  pluata  receiving;  nitrog«a  in  the 
fofot  of  nitrate  than  by  those  z*eceiving  this  el&oent  in  the  foxa 
of  asTJonia* 

Pal  lad  in   (1922)  has  reported  that  cai4>ohyd  rates  in  the 
leaves  are  esaential  to  tlie  foxmation  of  chloroi>tiyll« 

Miller  (1938)  reports  aenrlci  as  having  foimd,   in  ^outh 
Africa,  that  triers  was  a  pronounced  difference  between  the  eaoxint 
of  chlorophyll  present  in  tiis  morning  and  in  the  ai'tomoon. 
Following  a  heavy  rain  there  was  an  increase  in  the  chlorophyll 
content,  v/hile  drought  caused  a  decrease. 


LubiBwnto,  aa  rvportod  by  Miller  (1933),  found  that  abadltt 
plants  could  aecoenpllah  the  aam  aacnant  o!  photosTntbaada  with 
a  loaar  ill^siiination  than  the  aun  plant  a  and  that  the  chloro- 
phyll content  of  th©  lowier  waa  higher  than  that  oi   the  lattar# 
Tha  aim  plants  with  tho  low  ehlopophyll  content  ahowad  the  aaxi- 
aoB  rate  of  jdiotoaTntheais  at  the  highaat  light  intenaitias, 
iMle  the  shade  plant  a  ahovad  a  dacraaaed  rate  at  the  same  in* 
tenaitlea*     He  considered  that  leaves  with  high  cliloroph^U 
content  have  a  high  absorption  coefficient  and  that  tho  optl- 
taoM  teoperature  and  li^t  intensity  for  photoayntheais  daoraasa 
with  chlorophyll  content ♦     Thus,  in  ti:^  courao  of  the  d«v©loi>- 
aont  a  plant  can  re^xtlate  the  cBEOOunt  of  lii^t  it  absorbs  by 
oiMmges  in  its  chloroi^ll  content*     Accord ing  to  Jllller« 
Hanrioi  nade  obaavrations  in  agreexsent  with  thoaa  of  Luibiatanko, 
since  she  noted  that  lowland  plants  suiy  have  aa  auoh  as  two  and 
three  tentha  tiaias  B»re  chloroi^yll  than  the  alpizie  plants  of 
tha  aane  species  and  in  s tresis  li^ht  the  rate  of  photosynthesis 
in  the  alpine  plants  waa  higher  than  in  the  lowland  plants* 

Spoahr  (1S26)  reports  Willstatter  and  Stoll  aa  having  ob- 
served  that  the  rate  of  photoayntheais  increased  with  the  chloro* 
£»hyll  content,  but  they  wex«  ::iot  able  to  establish  easy  relation 
between  these  two  factors*    Fleisolicr  (1954)  reports  essentially 
the  sffiBS  findings*     Spoahr  believed  that  chlorophyll  is  but  one 
part  of  a  cce^lex  aeohanioa  to  the  stiocessf ul  fimction  of  which 
other  parts  are  esa«iti&l«     He  believed  that  other  factors  such 
as  protoplaemio  factors  and  enaycies  also  affect  the  rate  of 
photooynthesis* 
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Th«  BK»»t  lB5»optaat  faoto»  •ffeotlng  th«  quantity  of  pig- 
Bents  ape  rainfall,  soil  moiattuw,  nutrient  •lemants  in  the  soil, 
light  intensity,  temperature  anfi  relative  h«aidity,  according  to 
scherts  (1929)« 

Deawrec,  as  reported  by  Miller  (1938),  states  that  ehloro- 
phyll  ^ovs  acre  peculiarities  in  its  Inheritances  than  any 
other  known  plant  characteristic.  In  aaiss  there  are  approxi- 
aately  100  genetically  different  characters  for  chlorophyll. 

awrson  (1929)  lists  two  sets  of  factors,  external  awl  in- 
ternal that  are  reco^jnised  as  affecting  the  rate  of  jiiotosynth*- 
sis  in  g»en  plants.  Li^ht,  teiaperature  and  the  supply  of  cart>on 
dioxide  are  eaong  the  external  factors*  The  internal  factors  ars 
not  well  known  or  uaierstood,  but  chlorophyll  is  one  of  them* 
anerson  also  foioKi  i^en  sttxiyiag  the  rate  of  photosynthesis  with 
various  light  intensities  and  varying  chlorophyll  concentrations 
that  photosynthesis  reached  its  aaximua  x«te  at  about  the  sbb« 
light  intensities  over  the  whole  range  of  ciaorophyll  concentra- 
tion used*  The  saxoe  relationship  existed  with  temperature*  The 
restate  inlicate  that  photosynthesis  Bay  involve  an  autocata- 
lytic  reaction  and  that  chlorophyll  plays  scow  part  in  th« 
process  in  addition  to  its  role  in  light  absorption* 

Piolostt  (1937)  fouai  that  leaves  of  the  York  apple  variety 
had  a  slightly  greater  aoount  of  clilorophyll  per  imit  ar»a  of 
leaf  ar«a  than  those  of  the  Stealthy  variety.  Due  to  the  greater 
SBiount  of  internally  eaqposed  stirfaoe  in  the  Eiesophyll  cells  of 
the  wealthy  leaves,  he  conclxxled  that  the  cixloroi^yll  of  the 
leaves  of  the  variety  could  enter  into  photosynthetio  activity 
aore  effectively  than  the  chlorophyll  of  the  York  leaves* 


Pickett  ana  K«aw)rthy  (1940)  atatad  that  tho  anount  of 
chlorophyll  la  not  aa  algnlficant  In  the  proceaa  of  photoayntha- 
als  a«  la  th©  Internal  atructure  of  the  leaves. 

There  la  little  evidence  In  the  literature  of  the  influence 
of  apray  materials  upon  th©  chlorophyll  content  of  plant  tlasue* 
Aecozcling  to  Uyre  (1939),  liquid  Itoo-aulphur  and  arsenate  of 
lead  apraya  will  decrease  the  rate  of  photoayntheala  even  when 
the  leavea  appear  uninjured •  Ruth  (1922)  fottid.  In  the  ease  of 
the  ooaoBion  bean.  Phase olus  vulnarla.  that  the  chlorophyll  content 
of  a  given  unit  of  leaf  area  of  the  prliaorclial  leavea  sprayed 
with  a  Bordeaux  mixture  was  sllc^htly  greater  than  tho  chlorophyll 
content  of  the  aaioe  unit  of  area  of  the  unsprayed  primordial 
leavea*  He  observed  that  the  chlorophyll  content  per  unit  area 
of  the  primordial  leavea  decreased  aa  the  leavea  developed  sftsr 
the  ahedding  of  the  cotyledons.  The  le&vsa  of  the  apraysd 
planta  did  not  equal  In  aiae  thoas  idiieh  were  not  sprayed* 
Oinsburg  (1929)  found  that  Wealthy  and  Oravenatein  apple  leavea 
apraysd  with  oil  had  a  greater  aiaount  of  chlorophyll  than  the 
unaprayed  leavea  of  the  sasw  varioties*  His  explanation  of  the 
greater  chlorophyll  content  in  the  sprayed  leavea  of  the  two 
varieties  la  aa  follows t   (1)  oil  sprays  may  stlarulate  directly 
the  chloroplast  forraation  in  the  epidenaal  cells  of  the  leaf , 
(2)  greater  reduction  of  leaf  hoppers  on  the  sprayed  leavea  cojs-» 
pared  with  the  unaprayed  leaves,  and  (3)  the  spray  m&j  reduce  the 
light  intensity*  According  to  Palladin  (1922),  chlorophyll 
•ootaKilates  faster  in  week  aid»li£iit  than  in  strong  light  whioh 
eaiuBSs  decGopoaition  of  chlorophyll* 
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Saunders  (1941)  found  that  the  chlorophyll  content  of  green- 
houae  grown  York  and  Healthy  apple  leaves  was  reduced  by  spraying 
with  arsenate  of  lead  and  liquid  liiae*aulphur«  He  sdveneed  the 
Idea  that  this  reduction  in  ohloropiiyll  as  coompared  to  the  un- 
sprayed  leaves  laight  be  due  to  reduced  light  intensity  oaused  by 
the  spray  residue  on  the  leaf •  He  fouiMl  that  in  field  growi 
trees  the  chloroj^yll  content  was  not  reduced  by  spraying,  but 
that  a  great  variation  occurred  between  the  unspr&yed  azvl  spray* 
ed  leaves  at  the  various  dates.  Saisiders  believed  the  variations 
were  induced  by  environaental  factors. 

Thirty,  two-year  old  Jonathan  aiad  twenty,  two-year  old 
VSnesap  trees  were  planted  in  the  field  in  Max«h  1946*  The 
two  varieties  were  segregated  and  planted  with  each  variety 
occupying  three  rows,  and  the  trees  spaced  six  feet  apart  on 
the  square,  The  spray  treataents  were  selected  at  raixloia  for 
each  tree  within  a  variety* 

Five  treataents  were  ooB^ared*  They  included  (1)  two  pounds 
of  25  per  cent  wattable  IJDT  to  50  gallons  of  water,  (2)  one 
pound  of  Fexmate  and  one  and  one-half  pounds  of  lead  arsenate 
to  50  gallons  of  water,  (3)  four  potaxis  of  wettable  sulphtir 
and  one  and  one-half  pounds  of  lead  arsenate  to  50  gallons  of 
water,  (4)  four  ounces  of  Einc  sulphate  and  two  pounds  of 
lead  arsenate  to  50  gallons  of  water  and  (5)  the  checks  to  i^ioh 
no  sprays  were  applied. 
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A  canvas  hood  ima  plao«d  owr  •ach  trao  during  appayiag  to 
pr9tmt  any  of  th©  apray  f ron  getting  on  troaa  aaleetad  for  dif- 
ferent tpaataaanta,     Sight  applioationa  of  eaoh  epray  wre  nada* 
Tha  apray  d»taa  «aMt     May  20  and  27,  9m»  »,  10,  17  ana  ;24  ani 
July  1  and  8* 

g^nyi  ir»e  fli^  attraction  of  Chloropaayll 

Chlorophyll  datawalaatlona  ware  aiada  on  the  following  nlna 
dataai     Ifey  31,  Juna  7,  13,  20  ana  27,  July  5,  12  and  19  and 
Aus^t  9,  1946* 

To  obtain  relatively  oompawible  values  lor  chloroj^yll 
over  a  period  of  aavaral  waeka,  a  dated  tag  waa  placed  on  the 
youngost  leaf  on  each  ahoot  at  two-nreok  intervale  and  leavea 
««x«  aelected  from  the  laiddle  portion  of  the  ahoot. 

Five  leavea  were  aelected  eaoh  tiiae  frcn  UiO  aWfil©  portion 
ttf  the  ahoots  taking  care  to  aeleot  ahoota  in  the  aane  relative 
position  OQ  the  tree,  thua,  helping  to  inaxire  representative 

MBpling* 

Diaea  with  an  area  of  one  aquaj?o  centlswter  eere  cut  from 
freah  leavea  aal  placed  tnaaedlately  in  the  aolvent.     Wflien  taking 
the  aaotplea  the  aildriba  of  leavea  wore  avoided.     All  diaea  were 
talcan  from  the  aaae  relative  position  on  tho  leavea  beginning  at 
th©  head  portion  of  the  leaf  and  taking  an  eq:ital  mmto*T  of  dlaoe 
froGB  eaoh  aide  of  the  midrib* 

The  aethod  of  chlorophyll  extraction  and  deteaainatlon  uaed 
vaa  the  one  a;^geated  by  Compton  and  boynton  (1945)  with  siodi- 
f icationa*     The  aethod  la  baaed  on  the  faot  that  the  atrong 
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•btorptlon  band  In  the  r«d  end  of  the  apeotrum  for  ehXmec^slajlX 
is  not  overlapped  by  those  of  the  carotenoid  plga»nt»« 

Btxlrty  dlsoa^  one  square  oentSmster  In  ax«&«  were  cut  froas 
frerti  leaves  awl  plaoed  toaedlately  in  30  milliliters  of  Methanol 
to  which  a  snail  aa»unt  of  oupric  nitrate  was  sdded*     The  leaf 
tissue  was  left  to  stand  in  the  solvent  for  a  mtnlmua  of  24  hours 
sx^  then  mixed  in  a  Waring  hlendor  for  three  to  four  minutes* 
The  solution  was  then  filtered  throug^x  a  Budmor  funnel  fitted 
with  ffli^tr^^^"  44  filter  paper  aau  transferred  into  a  100  milli- 
liter volunetric  fla^  sad  made  up  to  volune  by  washing  the  pulp 
with  several  portions  of  the  solvent  •     The  extract  was  read  in  a 
Elett-*Sinsuiiw>n  photoelectric  coloritdeter  using  a  Coming  ]lo# 
2408  light  filter  i&ioh  tranamitted  above  610  millimicrons^ 

A  sampling  error  of  two  and  six  huadreths  per  cent  was 
calculated  for  the  method  of  chlorophyll  extraction  and 
detexctination* 

Oalibratioa  of  Colorizoeter 

Til©  colorliaeter  was  calibrated  by  the  aiettied  described  by 
Beone,  Rose  and  Ccnar  (1944}* 

One  hundred  milliliters  of  the  extract  wore  prepared  aa 
described  above,  washed  in  a  separation  funnel  with  di-ethyl 
e tiler  and  water  until  all  the  aethanol  wis  raiooved  (5*10  wash* 
Injjs)*     The  eti»r  solution  was  filtered  through  anhydrous 
Baj|30^,  aai  then  transferred  to  a  100  milliliter  volusaetric 
flask  uA  made  up  to  volimie  with  more  di-ethyl  ether*     Aliquots 
ef  this  solution  were  recioved  and  read  together  with  the  original 
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•olutlon  on  tho  oeckraan  quartz  spec tiM>pho tome ter  aiKl  a  callbra- 
ti(Mn  curve  eatabliahad* 

Sba  r«alins  total  chlorophyll  calculated  as  BiiUlsnaui  p6r 
liter  was  expr«aaed  aa  milligrams  per  square  laeter  of  leaf  area* 

The  dates  of  spray  application  arxi  chlorophyll  detomlna- 
tion  and  a  list  of  the  spray  Materials  used  are  presented  In 
Table  U 

Table  1*     Schedule  of  spray  applications  and  chlorophyll  detez*" 
lainations*     Field  grown  trees^   1946* 


I    '  '  ' '  ■ ■    ■ ' ' .Ill 

i>pray  applicatitxi  dates     i     Chlorophyll  detenaination  dates 
I 

itoy  20  Uaj  31 

May  27  June  7 

Jtrne  3  June  13 

jQoe  UO  June  20 

June  17  Jiine  27 

June  24  July  5 

July  1  Jiily  12 

July  8  July  19 

August  9 

Spray  Haterials  Used 

DDT  •  two  povBXla  of  25  per  onat  wettable  powder  to  50  gallons 
of  water* 

Fexsaate  •  one  pound  and  lead  arsenate  (mo  axxi  one»half  pouxids 
to  50  gallons  of  water* 

Mit  table  sulphur  »  four  pouuivia  and  lead  arsenate  one  and  one- 
half  pounds  to  50  gallons  of  water* 

Zinc  sulphate  *  four  oimces  and  lead  arsenate  tiK>  pounds  to  50 
gallons  of  water* 
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PRESE8TATI0K  OP  DATA 

The  data  presented  were  8i&>jeoted  to  an  analysis  of  ▼eri* 
anoe  as  described  by  Paterson  (19S9)«  As  the  chlorophyll  ccm* 
tent  »as  highly  variable  It  was  apparent  that  the  resiilts  of  the 
observations  nust  be  treated  statistically  before  fonsulatlns 
conclusions* 

The  average  chlorophyll  content  of  Jonathan  apple  leaves 
for  each  spray  treatiaent  at  each  date  Is  given  In  Table  2*  The 
corresponding  analysis  of  variance  is  found  in  Table  S* 

Table  2*  Avera^^e  chlorophyll  content  of  Jonatlian  apple  leaves 
for  each  spray  treatment  at  each  date  expressed  in 
xalUlgzwrns  per  square  meter  of  leaf  area,  1946* 


Date 

t     DDT 

:                 t                 t                     SI 

tFextnate-t3ul£^ur*iZlnc  stal*  s              t 

t     lead     t     lead     iphate*leadi  Checks  lAveres* 

t  arsenates  arsenate t  arsenate  t             t 

t 

t                   t 

«               I 

■ay  31 

306*1 

276.1 

304*8 

337*6 

287*1 

302*3 

June  7 

257  »3 

253  •X 

270*6 

990*8 

258*1 

886*9 

June  13 

309*0 

312.5 

304*8 

307*5 

309*3 

306*7 

June  20 

256  «3 

245*6 

235*8 

259*3 

253*1 

250*0 

June  27 

325*1 

306*1 

299*6 

328*5 

291*6 

310*1 

July  5 

335*1 

316*8 

302*8 

305*3 

315*1 

315*0 

July  12 

324*5 

338*0 

342»5 

334*0 

350*1 

333.7 

July  19 

347*6 

344*0 

347*0 

298*1 

555*1 

538*5 

August  9 

369.0 

36S*3 

592*3 

371*3 

390*8 

378*5 

Average 

314*4 

307*2 

311*1 

314*7 

310*0 

Table  3.     Analyale  of  variano©  oi  the  <aaoropiiyU  content  of  Mbm 
Joiathen  appXe  leaves  from  two-year  old  f tela  grown 


treoSf  1946* 


t    Degveee  t  t 

Feetor    t  of  f xeedcn  t  9t3»  of  equaree  i  Varianoe 

! L ? 


Total 

Between  datee 

Between  spray 
treatiaents 

Interaction 
Error 


269 
8 

98 

225 


705,581,8 
343,909*8 

919  »« 

469720.9 

314,317.0 


42y988.70»e 

229.36 
1,460.02 
1,396.96 


♦♦    Variance  which  is  aignif  icant  at  the  one  per  cent  level  ae 
shown  by  the  F  test. 

The  wariati<m  In  the  amount  of  ohloropiiyll  betwecna  dates 
wee  so  great  that  the  value  of  F  was  30.77  iritiereaa  a  value  of 
but  2.53  is  siipiiificant  at  the  one  per  cent  level.     This  indi* 
•etes  that  the  chlorophyll  C(»3tent  can  be  highly  variable  at 
different  periods  during  the  growth  of  Jonathan  apple  leaves. 

The  variation  in  chlorojiiyll  content  between  spray  treat- 
amts  was  very  sotall  coBipared  with  the  variation  due  to  error. 
In  fact,  an  F  value  of  at  least  2.41  was  necM»seary  for  signifi* 
eeiuie  at  the  five  per  oent  level  but  a  value  of  osily  0.164  oc- 
curred Indicating  that  the  observed  differenoe  between  the 
epyey  treatsMmts  used  In  this  study  were  not  eignif  leant. 

The  average  chlorophyll  content  of  Himsap  apple  leaves  for 
eaoh  spray  treatsumt  at  each  date  is  given  in  Table  4  and  the 
corro8p<»»iing  analysis  of  variance  is  foia»l  in  Table  5. 


Tabla  4tt     Averag*  chlorophyll  content  of  iJlneaap  applo  leaves 

f<up  •aeh  spray  treatiarat  at  each  dato  as  expressed  in 
zsilllgr8»8  per  square  motor  of  leaf  area,  1^46* 
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Dftt« 


-r 


fFemate»joulpiiu2>»ti''inc  sul*  j  ; 

DOS       t  lA«d       t     3.ead     ipiriate»leadtChockS}Aver&G« 
t  arsenate  I  arsenate!  arsenate  •  : 


yay  31 

2u6.7 

238  .S 

26B.7 

247.2 

236.7 

271.4 

Jxmo  7 

279.6 

202  .S 

29  U5 

2G0.2 

3U.5 

2B5.0 

June  15 

545.0 

372.0 

2G3.0 

343.5 

392.2 

347.7 

JtSM  20 

269.7 

270.7 

230.2 

261.0 

268.0 

261.5 

June  27 

347.7 

310.5 

324.7 

30&.7 

318,0 

322,1 

Jiily  5 

373.2 

310.5 

336.0 

S56«S 

373.0 

349.3 

Jtaly  12 

412.5 

382.5 

377.0 

360.7 

424.5 

391.4 

July  10 

373.0 

304.0 

363.5 

375.5 

346.2 

352.4 

Aijguat  9 

392.7 

457.5 

456.2 

431.5 

462.0 

439.9 

Average 

339.7 

331.& 

526  .2 

327.3 

5;>5.6 

VI 


fid»l4  5*  Anal^yjiis  of  vazlftnce  of  the  chlorophyll  content  of  th« 
ffineaap  apple  Xeaves  from  two-year  old  field  gveea 
tree a,  1946* 


Factor 

t 
t 
1 

Degreet 
of  f  reedoBi 

t 
% 

I 
% 

Sum  of  squarea 

t 

t 

t 

JL 

Varianoe 

fotal 

179 

a6d«980*73 

Between  datea 

a 

559«385*28 

67,4a5*66*Mi 

Between  spray 
treataente 

4 

18,371.81 

4,592«95« 

Interaction 

93 

75,779»14 

8,368«09 

Error 

135 

234,944 »50 

1,740.52 

«•  Varianee  itiioh  is  significant  at  the  osae  per  eent  level  as 
shown  by  the  P  test. 
•  Varianoe  which  is  significant  at  the  five  per  cent  level  as 
lOiiown  by  the  F  test# 

the  analysis  of  variance  showed  that  the  variatiim  in 
chlorophyll  content  betweeu  dates  was  significantly  greater 
th«a  the  vai>iation  d\ae  to  error*  To  show  significance  at  the 
one  per  oent  level,  an  P  value  of  2.82  was  neoessary,  whereas, 
sn  F  valtie  of  33.77  ooourred*  Thin   indioates  that  tise  ancnrnt 
of  chlorophyll  In  Winesap  leaves  can  be  highly  variable  during 
the  growing  season,  as  was  previously  idiown  to  be  true  for 
J(mathan  apple  leaves. 

The  variation  in  the  chlorophyll  content  due  to  spraying 
««s  significantly  greater  than  the  variation  due  to  error.  An 
P  value  of  2.46  at  the  five  per  cent  level  was  necessary  for 
significance,  Miile  a  value  of  2.65  was  obtained.  In  oxder  to 
detemlne  i&iich  diff erezices  among  the  sprays  were  inportanti, 
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th6  following  Individual  eoft'iparlsoana  «ox«  nad«  of  their  •fr«ot 
on  tiie  chlorophyll  content  of  the  laavaa* 

sine  sul^ato-lead  ax«onato 
Sul]^hU7«lead  arsenate     vs    sins  siilp^iate*»l08d  aroona^ 

WT    va    arsenic  sprays 
Untreatod  checka    va    actual  spray a 
^eso  tosts  indicated  that  spraying  may  reduce  the  chloropbyll 
coaitent  of  the  laaveai  but  all  the  obaerved  differencea  anong 
the  differsnt  typea  of  apraya  wiro  foimd  to  be  within  the 
tKmnda  of  aaisqpllng  variatlosia* 

Ihile  the  interaction  is  not  significant  thex«  is  ccoisid* 
erable  shifting  around  of  the  chlorophyll  content  of  the  leaves 
treated  with  the  different  spraya  at  the  various  dates  as 
shown  in  Table  4*     The  between  spray  treatment  variance  is  not 
aignif icantly  greater  than  th£it  for  the  interaction  variance* 

Figure  1  graphically  presents  the  relationahlp  of  the 
average  chlorophyll  content  of  the  sprayed  to  the  unsprayed 
leaves  of  the  Winesap  variety  at  the  different  dates. 
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13  20         27  5  12 

JUNE  JULY 

DATES    OF   CHLOROPHYLL   DETERMINATIONS 


9 

AUGUST 


CHLOROPHYLL    CONTENT    IN    MILLIGRAMS    PER    SQUARE    METER 
OF   LEAF   AREA  OF   SPRAYED   AND    UNSPRAYED    WlNESAP    APPLE 
LEAVES.     1946. 
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Th«  data  <m  ohloroyhyll  content  of  ttpray^d  and  unaprayfld 
Jteatban  awl  Wnoaap  l#avea  poolad  ar«  preaentad  In  TabXa  6 
with  the  correaponding  analyala  of  variance  iftileh  la  found  in 
Tahla  7* 
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Tatolo  7.     Aaalyala  oT  variance  of  the  av«r«ge  ohloroxiiyll 
cSttent  of  th«  Jonathan  an&  Wlnaaap  apple  lewf 
pooled  froa  f i«34  growa  two-yoar  olxi  tp««»,  1946» 


Factor 

t 
t 

t 

Dsgrees  i 
of  f  reedoQ  i 

'""       " '"' 

1 

I 

1  Sum  of  squares 

r','.H'V  ■  .-'■■  rTT 

1 
1 

2  Varienoe 

t 

1 

1           

J  ,  .,.. 

Total 

09 

257,425#75 

B«t««en  varieties 

X 

11,913,77 

11,913.77«* 

Between  dates 

a 

176,571.05 

22,071.38ee 

Between  spray 
treattaents 

4 

2,950*65 

737.de 

Xnteraoticrost 
Varieties  z 
dates 

8 

17 ,447 .71 

2,iao.96» 

Varieties  x 
treatment 

4 

5,243.93 

312.23 

Dates  X 

treata^ent 

32 

11,712.53 

366.01 

arror 

92 

13,581.11 

424.09 

•#  Variances  wtxioh  are  highly  significant  at  the  one  per  cent 
level  as  aliovn  by  the  ?  tost. 

A  graphic  cocq?arison  of  the  chlorophyll  conteiit  of  the 
Jonathan  maA  tfinesap  leaves  Is  given  in  Figure  2. 
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FIGURE  2.  CHLOROPHYLL  CONTENT  OF  SPRAYED  AND  UNSPRAYED  JON- 
ATHAN AND  WINESAP  APPLE  LEAVES  FOR  NINE  DATES  EX- 
PRESSED  IN    MILLIGRAMS    PER    SQUARE    METER    OF   LEAF   AREA. 

1946. 
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As  itoonn  la  Table  6,  the  ftvesag*  ©hlorojdtiyli  oonteat  In  th» 
Uxttsap  l«ave8  vaa  greater  than  that  of  the  Jonathan  leaves* 
Uhe  analysis  of  variance  showed  that  this  variation  between  tts» 
chlorophyll  content  of  Wlnesap  and  Jonathan  apple  loavea  warn 
algnif  ioantly  greater  than  tlie  variation  duo  to  error*  An  P 
value  of  28 •09  was  obtained*  To  be  highly  ai6aifi««»t  ^^   ^^^ 
«Be  per  cent  level,  an  P  valixe  of  7.55  waa  necessary.  This 
l»ilca.toa  that,  the  chloroftiyll  content  of  Wineeap  apple  leaves 
MLS  considerably  greater  than  that  of  Jonatlian  loaves*  An 
avexttge  chloroiiiyll  content  for  the  finesap  ajod  Jonathan  p.pple 
leaves  was  542*3  and  309.5  aillisroras  per  square  neter  of  leaf 
area,  respectively* 

The  variation  between  the  chlorophyll  content  of  the  nine 
dates  was  so  great  that  an  F  value  of  23*09  was  obtained, 
i^ereasy  an  F  value  of  at  least  3*17  was  x»eeae«ry  to  be  highly 
sisnll" leant*  This  indicates  that  the  averege  chlorophyll  con- 
tent of  the  two  variotioQ  for  the  nine  dates  was  highly 
variable* 

The  variation  in  the  chlorophyll  content  between  the  spray* 
ed  axyl  unaprsyed  leaves  of  the  two  varieties  was  veiy  saoall  oosEa* 
pared  with  the  variation  due  to  error*  To  be  significant  at  the 
five  per  cent  level,  an  F  value  of  at  least  2*67  nust  be  ob- 
tained, tidiile  an  B'  valxie  of  only  1*73  was  found*  This  indicates 
that  the  azoount  of  chlorophyll  in  the  unsprayed  leaves  was  not 
•Ignif  ioantly  greater  than  the  enovnt  In  the  sprayed  leaves* 

It  was  found  that  the  variation  in  snount  of  chlorophyll 
between  varieties  end  dates  wae  so  great  that  it  ima   probably 
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not  duo  to  ohano««  An  F  value  of  3 .17  was  neoosoary  for  aignlf- 
icaiico,  tut  a  value  of  5.14  occurred*  ©xie  indicates  that  the 
varieties  have  reacted  differently  to  the  ehancting  dates  and  the 
variation  in  chlorophyll  content  was  considerable  between  the 
Jonathan  aosd  Vinesap  apple  leaves  at  the  nine  dates*  IBM   aver- 
age chlorophyll  content  for  each  variety  at  the  nine  dates  is 
presented  in  Table  8* 

Table  8.  Average  chloro^iyll  content  of  sprayed  atid  imsprsyed 
Jonatbttk  end  tfinesap  apple  leaves  for  nine  dates  in 
oilligxww  per  square  cjeter  of  leaf  area  fra^  two- 
year  old  field  grown  trees^  1946 • 


Date 

1 
s 

fftoeaap 

* 
« 

t 

t 

J^athan 

May  31 

371.40 

302.40 

June  7 

88».05 

2G7.37 

June  13 

347,76 

308.73 

June  20 

261*55 

250.07 

Juae  27 

322  .15 

310.23 

July  & 

340*85 

315.07 

Jlaly  12 

391.45 

353.80 

July  19 

352.45 

938*40 

JWgust  9 

4S9«9e 

378.34 

Avevege 

SS6.73 

311.60 

According  to  the  analysla  of  variance,  the  intoraction  of 
varieties  x  sprays  is  not  significant.  To  be  significant  at 
the  five  per  cent  level,  an  F  value  of  at  least  2,67  was 
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ii*o«8sax7»  tout  a  value  of  1»91  occurred.  This  denotes  that  the 
varieties  have  reacted  eimllarly  to  the  varloua  spray  treataente^ 

Tbe  InteraotloQ  datea  x  treatmenta  was  not  signlfloant* 
To  be  significant  an  F  value  of  at  leaet  1«74  vaa  naeeasary, 
Imt  a  value  of  0#^  occurred*  Tbe  chlorophyll  content  of  the 
leaves  treated  with  the  different  sprays  has,  in  general,  v» 
aeted  slsillarly  at  the  varloua  dates* 

The  relationship  of  the  chlorophyll  content  of  tlrie  Jona» 
then  and  Wlneaap  leaves  to  the  average  dalj^  iB»ain.   t^t^erature 
and  precipitation  for  the  period.  May  31  to  August  9,  1946,  la 
shonQ  in  Figxire  3# 
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FIGURE  3.  RELATIONSHIP  OF  CHLOROPHYLL  CONTENT  IN  JONATHAN  AND  WINE- 
SAP  APPLE  LEAVES  TO  AVERAGE  DAILY  MEAN  TEMPERATURE  AND 
PRECIPITATION.    1946. 
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Diac^iXssxos  or  astuLra 

ftm  KrRnmt  of  chlorophyll  in  the  JomtSlibm  apple  leanrmt 
in  the  rieXl  vai^ied  gzvatl;  b«tiNNHi  dates*     Due  to  the 
oooetently  ohanglna.  mikvironraental  oondltlons,  this  aight  be 
•apK&tedi*     DixkatsQh  ma&  Wmadrnk,  as  reported  by  !kiI»ino«iteli 
(19lift}i^  teve  fouaad  lazsps  variations  In  the  concent  ration  o£ 
ohlorojdijll  in  a  relatively  short  i^riod  of  tisw  in  mu^  apteies 
of  plants*     Ireland  and  Yeats  (X9SS}  found  that  the  chloroi^ll 
oont«at  of  kaf  ir  leaves  f  luoti»ted  widely  thrangbanifc  ttM  grov* 
iag  season  with  the  general  trend  being  an  inereasiog  saooat 
\mtil  aatuidty  was  reashsd,  than  sn  abrupt  deoreaae  eas  notsd« 
Henrici  (ISSOy  nos^^iag  «lih  grassea^  found  that  tbs  ohloro** 
$txylX  ocntent  ▼arisd  dvoAxm  *  tMU^y^f  our  hoar  pMl-oA  sod  «1^ 
the  age  of  the  leaf*    Ttum,  the  varlati^^}  in  chlMVihyll  con» 
t4mt  tmoo^  ds^^es  in  this  study  is  in  agresBsrimt  «ith  the  inves* 
ti^^ations  of  other  eeartesys* 

la  Hks  tests  conducted  with  the  JaBsthan  variety,  fttm 
ehloroi^H  oontent  of  the  leaves  «as  not  laaterlally  deersased 
by  epfegring*    It  is  oonoludsd  t^iat  any  variation  in  chlorophyll 
■list  be  attributed  to  f aotovs  other  than  the  dif fe^pent  spamgr 
treiatsMntSy  factors  s^eh  wme*  not  laeaaured  in  the  astpegtMSttts 

StM  saouBt  of  ohlorophyll  in  the  aoneei^  ep^to  Xesowa  was 
highly  variable  between  dates*  bis  9&s  to  be  suMilsil  txA  la 
ia  sgmsnent  with  the  findings  of  the  JosMtOR  leavea* 

Aa  snalysis  of  varianee  showed  that  due  to  spra;^ing  the 
ehlorcishyll  content  produced  vailatlona  i^ioh  slightly  oKceedsd 
the  F  value  at  the  five  per  ceiit  level  of  si<pEaf ioaxice*    As  a 
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vesult  of  Iwllvldual  caapariaoaa  made  of  the  spray  s^  It  wa» 
lndloat«d  that  apraylxig  »ay  r^duoe  the  cblopophyll  content  of 
the  Unes&p  apple  leaves*  However,  the  teet  ahowed  that  there 
were  no  slgnif leant  differeneee  anaoaog  the  eprays* 

«xei«  are  two  poaalble  explanations  to  aoooimt  for  th# 
decrease  of  chlorophyll  content  in  the  sprayed  Wnesap  apple 
leaves*  First,  the  cenctical  oompositlcaa  of  the  iW-nesap  vari- 
ety possibly  accounts  for  the  effect  of  the  spray  aateriala* 
All  analyses  showed  a  sl^ificant  difference  in  the  chlorophyll 
content  of  the  JTonathan  end  Wlneiap  varieties,  with  the  average 
chlorophyll  content  of  the  Wioesap  leaves  being  considerably 
higher  than  that  of  the  Jonathan  leaves*  second,  the  Winesap 
leaves  were  apparently  quite  sensitive  to  external  factors 
ifiilch  might  accoimt  for  the  deereaae  in  chlorophyll  content 
In  the  sprayed  leaves*  At  the  beginning  of  the  •aq^erisient  on 
Ifey  51,  the  average  chlorophyll  content  in  the  Jonathan  apple 
leaves  was  higher  than  that  of  the  WLnesap  variety*  Possibly, 
se  a  result  of  favorable  enviromiental  condlticms,  the  chloro- 
j^iyll  content  increased  rapidly  In  the  Winesap  leaves  xintil  on 
Jtoe  IS  the  average  chlorophyll  content  was  higher  In  the  Win»» 
sap  than  in  the  Jonathan  leaves*  Following  a  five  day  period 
of  relatively  high  mean  tesnperatures,  beginnins  on  June  14,  the 
average  chlorophyll  content  dropped  In  both  varieties  thoxsgh 
more  lOiarply  in  the  iSflnesap  leaves*  After  a  z«in  of  1*62 
incljes  on  June  19  and  consequent  lower  teiatperatures,  the  chloro- 
phyll content  increased  lairaiKliately  in  both  varieties  thou^ 
mop&   rapidly  in  the  ffinesap  leaves*  Fron  July  16  to  July  19 
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anotb«r  period  of  relatively  high  tei^^ratures  oecxirred  follow* 
ing  which  the  chlorophyll  content  of  the  i^inesap  leaves  dropped 
eoneider&bly  while  the  drop  in  the  chlorophyll  c(»itent  of  the 
Jcoiatlian  leaves  was  not  nearly  so  apparent.     !I"hus^  it  is  obvi- 
ous tlutt  the  WijMsap  variety  was  quite  sensitive  to  onviros>» 
aental  factors  such  as  tenperatxire,  relative  huaidity  and  rain- 
fall -which  significantly  influenced  the  chloroidayll  content* 
The  criloroi^iyll  ccmtcoit  of  the  »*ines«p  leaves,  as  a  result  of 
gVMtter  sonsitiveity,  might  possibly  be  roduofd  1^  %tm  appSJUw 
cation  of  the  spray  ctaterlals*  ' 

3ehert2  (1939)  observed  that  the  most  important  factors 
affecting  th«  quantity  of  pigeaents  are  z^infall^  soil  moisture, 
nutrient  elaaents  in  tlie  soil,  light  intensity,  tez^^z^ture, 
and  relative  inimidity*     The  period^  May  31  to  August  9,  during 
which  the  investigatic»3  was  carried  on  was  characteilsed  by  hot 
dry  wwatlier*     The  total  rainfall  was  3«16  inches  as  opposed  to 
the  nonaal  iralnfall  of  9«87  Indies  or  a  deficit  of  6«71  inches* 
As  a  result  of  the  five  day  i>eriod  of  high  temperatures »  begin- 
ning on  J\aie  14,  tiier©  was  a  definite  drop  in  chlorophyll  coo- 
tent  of  all  tlie  leaves  with  tiie  content  dropping  the  lowest  in 
the  leaves  spra^o^  with  wettable  sulpi:iU3>>leed  arsenate  and  the 
Bft&t  lowest  cgat«Bt  in  the  sine  sulphate-lead  az^Mmate  spz^yed 


It  was  reported  by  xiyre  (19SS)  tiiat  liquid 
lead  arsenate  will  decrease  the  rate  of  photosynthesis  even 
^6Mn  tiie  leaves  appear  uninjured*     It  was  considexsjd  by  aechg 
(1888)  that  the  aciount  of  chlorophyll  was  a  ll^iltlnti  factor  of 
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tbtt  rat«  of  photoeynthaaia*     Seundera  (1941)  foimd  that  «»• 
chlorophyll  content  of  cr««4iou»»  grown  York  and  wealthy  apple 
Uavas  waa  voduoad  by  apraying  with  lead  araanate  and  liquid 
liiae-8iilphur»     He  conaldea?©d  that  the  decreaae  in  chlopojfcyll 
»ay  have  been  brou^t  about  by  the  apray  peaiduo  on  the  leavaa 
ahloh  reduced  the  ll^ht  Intensity  penetrating  through  the  leaf 
to  the  point  that  chlorophyll  formation  waa  inhibited  in  the 
apvayad  leave a« 

Aa  prevloualy  ateted,  the  araount  of  chlorophyll  In  the 
leavea  of  both  the  Jonathan  and  the  lineaap  varietiea  varied 
greatly  between  datea* 

According  to  the  analyaia  of  variance  of  the  chlorophyll 
content  of  the  aprayed  ani  uneprayad  leaves  of  the  two  vari- 
etiea  treated  together,  the  variation  waa  very  small  ocaapared 
with  the  variation  due  to  error*     Neither  were  the  interactiona, 
variety  x  spray  treatment  or  date  x  apray  treatment ,  algnlf leant. 
!nie  effect  of  apraying  waa  thus  not  significant  and  could  not 
be  laaaaured  due  to  external  factors,  lisht,  relative  h^imidity, 
Boistore  aupply  and  tanperature  ihich  affected  the  chlorophyll 
oontent* 

Any  further  atudy  of  this  aubjeot  tfioxxld  Include  laore  e«ai» 
prchenaive  raeteoroloclcal  data  aa  raany  of  the  environmental 
factora  exert  a  conaiderable  influence  xxpon  the  chlorophyll 
content* 

It  woxJLd  alao  be  hi£;hly  d^alrable  to  extend  the  at\>dy  over 
an  entire  growing  aeaa<m  to  enable  more  accurate  obacrvationa 
of  aeasonal  b^iavior  to  be  auide* 
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OQsiald«rBble  work  has  be«n  doM  roeently  in  developing  nev 
thods  for  quantitative  chlorophyll  determinations^  ohlef  amang 
theae  being  the  apeetrophotcmetrlA  axethod  of  enalysla*     ^Is 
»ethod  eeema  to  be  a  oonaidezvible  improvezaent  over  provioiialy 
kn<yna  nethoda  In  that  it  la  zoore  accurate  aa  well  as  tisie  saving* 

The  vork  of  Benne,  Rose  and  Cosiar  (1944)  ajad  others  in 
developing  a  aeans  of  oalibratiag  a  photoelectric  colorls»ter 
for  chlorophyll  by  use  of  a  simple  plant  extract,  a  procedure 
that  elininates  the  necessity  of  isolating  the  chlorophyll 
thereby  avoiding  the  possibility  of  plgiaent  degradation.  Is  an 
Important  contribution  to  the  vox4c* 

CCaBLUSIOIft 

These  data  indicate  the  follovlngt 

1«  The  olilorophyll  content  of  the  Jonathan  apple  leaves 
was  not  reduced  signif loantly  by  any  of  the  four  spray  treat- 
SMnts  applied* 

2*  The  chlorophyll  content  of  the  Wlnesap  apple  leaves 
mus  slightly  reduced  by  all  the  spray  treatstents  but  the  ob« 
served  differences  between  sprays  vers  not  significant* 

3«     The  ciJLorophyll  content  of  the  Wlnesap  leaves  was  store 
sensitive  to  external  faetors  than  that  of  the  Jonathan  variety* 
This  greater  sensitivity  may  accomit  for  the  decrease  in  ohloro* 
phyll  content  due  to  the  use  of  the   spray  suiterials* 

4*  The  chlorophyll  content  of  the  Jonathan  and  Wlnesap 
leaves  was  variable  between  dates*  The  variation  was  highly 
significant* 
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5*  the  ohloroiitiyll  content  of  the  Wineaap  variety  was 
significantly  sreater  than  the  asiount  found  in  the  Jcaiathan 
vaxdety  growing  ozxier  similar  conditions* 

^    A  ctmsiderablo  seasonal  variation  in  chlorojiiyll  coa- 
tent  In  both  varieties  was  noted  with  en  increase  of  chloro- 
phyll  c<aitent  ol)2Mrved  with  advancing  as** 

?•    Prolonged  periods  of  high  teaperaturos  jaaierially  r^- 
dllMd  ^10  chlorophyll  content  of  both  varieties* 

8*    The  factors  sxwh  as  soil  laolsture,  light  int«isity^ 
soil  nutrients,  relative  hv«itiity  and  teuipewiture  probably  were 
responsible  for  the  lai^e  variation  in  chlorophyll  content 
betvemt  dates  of  both  sprayed  and  imsprayed  leaves* 
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